Express Mail 
EV 337812221 US 

INDUCTIVELY POWERED LAMP ASSEMBLY 
BACKGROUND OF THE INVENTION 
The present invention is a continuation of U.S. Application Serial No. 
10/133,860, which was filed on April 26, 2002, which is a continuation-in-part of U.S. 
5 Application Serial No. 09/592,194 entitled "Water Treatment System with an Inductively 
Coupled Ballast," which was filed on June 12, 2000 (now U.S. Patent 6,436,299). 

The present invention relates to lighting and more particularly to a lamp 
assembly for use in connection with inductively powered lighting. 

Although not widely available, inductively coupled lighting systems are known. 
10 A conventional inductively coupled lighting system generally includes a primary circuit having 
a primary coil (or "primary") that is driven by a power supply and a secondary circuit having 
a secondary coil (or "secondary") that inductively receives power from the primary. Inductive 
couplings provide a number of advantages over conventional direct electrical connections. 
First, inductively coupled lamps are typically safer and easier to connect and disconnect than 
15 hardwired lamps. With direct electrical connections, it is generally necessary to manipulate 
electrical connectors when installing and removing the inductively powered lamp assembly. 
This typically requires some effort and creates a risk of electrical shock. Often, the electrical 
connectors are at least partially exposed, thereby increasing the risk of electrical shock. 
Inductively coupled lamps, on the other hand, do not require the manipulation of any electrical 
20 connectors. Instead, the secondary of the inductively powered lamp assembly simply needs to 
be placed adjacent to the primary to permit the supply of power to the inductively powered 
lamp assembly. Second, the elimination of electrical connectors also increases the reliability of 



the system by eliminating the problems associated with conventional electrical connectors. For 
example, conventional electrical connectors are subject to corrosion and to wear. These 
problems are particularly acute in an outdoor setting where environmental conditions may 
subject the electrical connectors to moisture. With repeated use, mechanical connectors are 
5 also subject to wear and eventual failure. Third, inductively coupled lamps inherently provide 
a lower risk of an electrical hazard at the inductively powered lamp assembly. As noted 
above, the inductively powered lamp assembly is electrically separated from the power source. 
All power must be inductively passed from the power source to the inductively powered lamp 
assembly. Because there is an intrinsic limit on the amount of power that can be inductively 

10 passed to the inductively powered lamp assembly, the amount of power at the inductively 
powered lamp assembly is limited and the risk of electrical hazards is reduced. 

Although conventional inductively coupled lamps provide a number of important 
advantages over directly connected lamps, they do suffer significant drawbacks. An inductive 
coupling is inherently less efficient than a direct electrical connector. This is partly due to the 

15 power required to create and sustain the electromagnetic field. The primary inefficiencies in a 
conventional inductive coupling result from a poorly tuned circuit. These inefficiencies are 
manifest in increased heat gain and in noise created by vibration in the primary and secondary. 
The efficiency issues are exaggerated with higher power lighting applications. In addition, 
existing lamp circuits require precise alignment of the primary and secondary to provide any 

20 reasonable level of efficiency. This requires more precise tolerances and limits the 

configuration and layout of the inductively powered lamp assembly and the overall lamp. 
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One of the largest reliability issues facing the lamp industry is caused by the 
penetration of the lamp sleeve by wires or other electrical conductors. Typically, the wires 
pass into the interior of the lamp through a glass stem. Because glass does not readily adhere 
to and seal around the wires, there is a material risk of lamp leakage at the point the wires 
5 penetrate the lamp. Although efforts have been made to optimize the seal, this remains a 
significant reliability concern. 

With conventional inductively powered lamps, there is also reliability issues 
associated with exposure of the lamp circuit components to the environment, for example, 
water and moisture from the environment can damage circuit components. To address this 

10 concern, at least one inductively powered lighting system encloses the entire lamp assembly 
within a sealed enclosure. U.S. Patent 5,264,997 to Hutchisson et al discloses a lamp that is 
mounted to a printed wiring board that is spaced from the secondary on a plurality of posts. 
The printed wiring board includes various electrical component required for operation of the 
inductive coupling. Separate shell and lens components are sealed together to form a leak tight 

15 enclosure around the lamp, the printed wiring board and the secondary. The shell is specially 
shaped to receive the secondary and to be interfitted with a socket containing the primary. 
Although the sealed enclosure provides improved protection from environmental conditions, it 
is relatively bulky and only provides light transmission in the direction of the lens. 

As can be seen, there remains a need for an inductively coupled lamp assembly 

20 that is efficient, provides improved reliability in a variety of conditions and is easily adapted to 
many different lamp configurations. 
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SUMMARY OF THE INVENTION 

The aforementioned problems are overcome by the present invention wherein a 
lamp assembly is provided with a lamp, an inductive secondary for powering the lamp and a 
capacitor. The capacitor is connected in series with the lamp and the secondary, and is 
selected to have a reactance at the operating frequency that is approximately equal to or 
slightly less than the combined impedance of the lamp and the secondary at operating 
temperature. As a result, the lamp circuit operates at or near resonance. With electric- 
discharge lamps, the series capacitor also functions to limit the flow of current in the secondary 
circuit, precluding an uncontrolled increase in current that would otherwise occur with an 
electric-discharge lamp. 

In another aspect, the present invention provides an inductively powered lamp 
assembly in which the entire lamp assembly circuit is sealed within a transparent sleeve. 
Preferably, the entire lamp assembly circuit, including secondary and any associated capacitor, 
is sealed within the sleeve of the lamp. In an alternative embodiment, the secondary and lamp, 
as well as any capacitor and starter device, are contained within a second closed plastic, 
Teflon, glass or quartz sleeve with no wires or other elements penetrating the sleeve. The void 
defined between the second sleeve and the lamp sleeve is preferably evacuated or filled with a 
functional gas to provide the desire level of heat conduction or insulation. 

In a further aspect, the present invention provides a remotely actuated switch to 
provide preheat of electric-discharge lamp. The switch is provided to short the electrodes 
across the secondary for a specific period of time at lamp start-up. In addition this circuit may 
have a series resistor to help limit preheat current. In one embodiment, the switch is an 



electromagnetic switch that is preferably actuated by a magnetic field generated by a 
corresponding coil in a lamp control circuit. 

The present invention provides a simple and inexpensive lamp assembly for use 
with inductively powered lighting. Because the inductively powered lamp assembly operates at 
5 or near resonance, it has a high power factor and is highly efficient. This reduces power loss 
through heat build up and also provides for quiet operation of the inductive coupling - even in 
relatively high power applications. The efficiency of the secondary circuit demands less 
precise alignment between the primary and secondary, thereby permitting a greater degree of 
latitude in the layout and configuration of the lamp and the inductively powered lamp 

10 assembly. The sealed sleeve provides the lamp circuit with improved protection from the 
environment without limiting the transmission of light from the lamp. Although with some 
light sources, the spectrums emitted may see losses based on the specific transmissive 
properties of the materials used in the sleeves, for example, some materials are not highly 
transmissive to UV light. The present invention allows functional gases to be entrapped within 

15 the sealed sleeve to increase or reduce the degree to which the lamp is isolated from the 

environment. Further, by enclosing the entire lamp circuit within the lamp sleeve, the need for 
wires or electrical leads that penetrate the sleeve can be eliminated. This greatly improves the 
reliability of the lamp while dramatically reducing manufacturing losses. Also, the 
electromagnetic switch of the present invention provides an inexpensive and reliable alternative 

20 to conventional starter circuits. 
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These and other objects, advantages, and features of the invention will be 
readily understood and appreciated by reference to the detailed description of the invention and 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1 is a sectional view of a lamp assembly according to one embodiment of 

the present invention; 

Fig. 2 is a sectional view the inductively powered lamp assembly of Fig. 1 taken 
perpendicularly to the sectional view of Fig. 1; 

Fig. 3 is a schematic diagram of a lamp circuit according to one embodiment of 
10 the present invention; 

Fig. 4 is a sectional view of an alternative lamp assembly having an 
incandescent lamp; 

Fig. 5 is a sectional view of an alternative lamp assembly having an 
incandescent lamp with a universal base; 
15 Fig. 6 is a sectional view of an alternative lamp assembly having a halogen 

lamp; 

Fig. 7 is a sectional view of an alternative lamp assembly having a halogen lamp 
with the base located outside of the lamp sleeve; 

Fig. 8 is a sectional view of an alternative lamp assembly having a halogen lamp 

20 with no base; 

Fig. 9 is a sectional view of an alternative lamp assembly having a fluorescent 
lamp with no outer sleeve; 



Fig. 10 is a sectional view of an alternative lamp assembly having a type T-5 or 
T-8 fluorescent lamp; 

Fig. 11 is a schematic diagram of a lamp circuit for the inductively powered 
lamp assembly of Fig. 10; 
5 Fig. 12 is a schematic diagram of an alternative lamp circuit for the inductively 

powered lamp assembly of Fig. 10; 

Fig. 13 is a schematic diagram of yet another alternative lamp circuit for the 
inductively powered lamp assembly of Fig. 10; 

Fig. 14 is a schematic diagram of a further alternative lamp circuit for the 
10 inductively powered lamp assembly of Fig. 10; 

Fig. 15 is a sectional view of an alternative lamp assembly having a PL type 
fluorescent lamp; 

Fig. 16 is a sectional view of the alternative lamp assembly having a PL type 
fluorescent lamp taken perpendicularly to the sectional view of Fig. 15; 
15 Fig. 17 is a partially sectional exploded view of an alternative lamp assembly; 

Fig. 18 is a sectional view of a portion of the alternative lamp assembly of Fig. 

16; 

Fig. 19 is a sectional view of a portion of an alternative lamp assembly; and 
Fig. 20 is a sectional view of a portion of yet another alternative lamp assembly. 
20 DETAILED DESCRIPTION OF INVENTION 

A lamp assembly according to an embodiment of the present invention is shown 
in Figs. 1 and 2, and is generally designated 10. For purposes of disclosure, the present 
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invention is first described in connection with a conventional type PL-S 1 1 watt UV lamp 
converted for use at 38 watt, such as the type used in a water treatment device. The 
inductively powered lamp assembly 10 generally includes a lamp circuit 12 and an outer sleeve 
70. The lamp circuit 12 includes a secondary 14, a capacitor 16 and a lamp 18, all connected 
5 in series (See Fig. 3). The secondary 14 inductively receives power from the primary (not 
shown) of an associated ballast (not shown). The series capacitor 16 is specially tuned, as 
described in more detail below, so that the lamp circuit operates at resonance under specific 
operating conditions. The entire lamp circuit 12 is fully enclosed within the outer sleeve 70, 
including the secondary 14, capacitor 16 and lamp 18. At least a portion of the outer sleeve 70 

10 is transparent and is not penetrated by electrical wires or other elements. 

Although the following embodiment is described in connection with a type PL-S 
38 watt UV lamp, the present invention is intended and well suited for use with lamps of 
various types and styles, including electric-discharge, incandescent, pulsed white light and light 
emitting diode ("LED") lamps. This disclosure presents various alternative embodiments 

15 showing incandescent lamps and electric-discharge lamps. These examples are provided to 
illustrate the broad applicability and adaptability of the present invention, and not to provide 
any limit on the scope of the claims. 

A wide variety of ballasts capable of powering the inductive lamp assembly of 
the present invention are well known to those skilled in the field. Accordingly, the ballast will 

20 not be described in detail. One ballast particularly well-suited for use with the type PL-S 38W 
UV lamp of the illustrated embodiment is disclosed in U.S. Application Serial No. 90/592,194 
entitled "Fluid Treatment System," which was filed on June 12, 2000, which is incorporated 



herein by reference in its entirety. This ballast can be readily adapted to provide efficient 
operation of all of the disclosed embodiments of the present invention. 
I. Lamp Configuration 

As noted above, the type PL-S 38W UV lamp preferably includes an outer 
sleeve 70 that encloses the lamp circuit 12 to protect it from the environment (See Figs. 1 and 
2). The outer sleeve 70 preferably includes a main body 90 and a cap 92. The main body 90 
is a generally cylindrical tube having an open end and a closed end. After the lamp circuit 12 
is installed within the main body 90, the cap 92 is sealed over the open end of the main body 
90 to fully enclose the lamp circuit 12. The lamp circuit 12 generally includes a secondary 14, 
a capacitor 16 and a lamp 18. As described below, the lamp circuit 12 may also include a 
starter 35 (See Fig. 2). The lamp 18 is a generally conventional PL-S type lamp having a 
quartz sleeve with two parallel legs 72a-b that are interconnected to cooperatively define a 
chamber 28. The chamber 28 is partially evacuated and contains the desired electric-discharge 
gas, such as mercury vapor. A stem 32a-b is located at the base of each leg 72a-b. A pair of 
conventional or custom designed electrodes 26a-b is disposed within the chamber 28, one 
mounted atop each of the stems 32a-b. In this embodiment, the outer sleeve 70 is preferably 
manufactured from quartz to permit the efficient passage of UV light. In non-UV applications, 
the outer sleeve may be manufactured from glass, Teflon or plastic, depending in part on the 
heat generated by the lamp and the operating environment of the lamp. For example, an 
alternative outer sleeve can be manufactured from a length of Teflon tubing having sealed 
opposite ends (not shown). The Teflon tubing can be fitted over the remainder of the 
inductively powered lamp assembly, and its opposite ends can be crimped or otherwise sealed 



to close the Teflon sleeve. Preferably, each end of the Teflon tubing is folded back onto itself 
and crimped using heat and pressure. 

The inductively powered lamp assembly 10 also includes a base 50 and a 
support 86 that hold opposite ends the lamp 18 within the outer sleeve 70. The base 50 is 
5 generally cylindrical and dimensioned to be fitted closely within the outer sleeve 70. In 
addition to holding one end of the lamp 18, the base 50 also receives the various electrical 
components of the lamp circuit 12. The base 50 defines an annular recess 80 to receive the 
windings of the secondary 14, a pair of apertures 82a-b to receive the base end of each leg 
72a-b, and a pair of voids 84a-b to contain the capacitor 16 and any desired starter 35. The 

10 inductively powered lamp assembly 10 may also include a heat reflector 58 disposed between 
the secondary and the electrodes 36a-b. The heat reflector 58 is preferably shaped to match 
the cross-sectional shape of the lamp sleeve 52 at the point where it is mounted, and is 
preferably manufactured from a conventional reflective material, such as aluminum or 
aluminum foil on a suitable substrate. The support 86 is generally disc-shaped and is 

15 dimensioned to be fitted closely within the outer sleeve 70. The support 86 preferably includes 
a tab 88 to be frictionally fitted between the legs 72a-b of the quartz sleeve 52. The precise 
design and configuration of the base 50 and support 86 can vary among applications depending 
on the design and configuration of the outer sleeve 70 and the various components of the lamp 
circuit 12. The base 50 and support 86 are preferably manufactured from materials capable of 

20 withstanding high heat, such as ceramic or high temperature plastics. 

In one embodiment, the void 96 defined between the outer sleeve 70 and the 
lamp sleeve 52 is configured to provide the inductively powered lamp assembly with the 
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desired conductive or insulative properties. For example, this void 96 can be evacuated to 
insulate the lamp from cold environments. Alternatively, the void 96 can be filled with heavier 
gases, such as argon and neon, or fluids to conduct heat in hot environments. The conduction 
of heat from lamps in hot environments will help to protect the lamp from overheating and may 
5 also help to provide maximum intensity. 

In some applications, the inductively powered lamp assembly 10 may also 
include a mechanism that permits the ballast to sense the presence of the inductively powered 
lamp assembly 10. This permits the ballast to power the primary (not shown) only when the 
inductively powered lamp assembly 10 is installed. Although the sensing mechanism is not 

10 necessary in many applications, particularly in low-power applications, it does provide a more 
efficient design that conserves power, reduces heat build-up and protects the primary from 
certain types of damage associated with continuous operation. In one embodiment, the 
inductively powered lamp assembly 10 includes a sensing magnet 60 and the ballast (not 
shown), or an associated control circuit, includes a reed switch (not shown) that is activated by 

15 the sensing magnet 60. More specifically, when the inductively powered lamp assembly 10 is 
installed, the sensing magnet 60 is positioned adjacent to reed switch (not shown). The 
magnetic field from the sensing magnet 60 causes the reed switch 62 to close, thereby 
providing a signal to the ballast or control circuit that the inductively powered lamp assembly 
10 is in place. The sensing magnet is preferably mounted to the base 50, but may be mounted 

20 in other locations as desired. Alternatively, the sensing magnet 60 and reed switch (not 

shown) can be replaced by a mechanical switch (not shown). For example, a switch can be 
disposed where it is mechanically closed by installation of the inductively powered lamp 
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assembly 10. Another alternative is to provide the lamp with a manually actuated on/off 
switch, for example, a toggle switch, that selectively turns the ballast on and off. 
II. Lamp Circuit 

The lamp circuit 12 will now be described in connection with the type PL-S 
5 38W UV lamp described above (See Figs. 1 and 2). As noted above, the lamp circuit 12 
generally includes a lamp 18, a secondary 14 and a capacitor 16. A schematic diagram of a 
lamp circuit 12 is shown in Fig. 3. In this embodiment, the lamp circuit 12 includes a single 
secondary 14, preferably in the form of a coil of small diameter wire 22. The precise 
characteristics of the secondary 14 will vary from application to application as a function of the 

10 primary (not shown) and the load (e.g. the lamp). The wire 22 is preferably conventional 
magnet or LITZ wire depending on the power settings and heat dissipation. The wire is 
preferably wrapped around the base 50 within the annular recess 80, which provides the 
secondary 14 with a hollow core. If desired, the hollow core 24 can be replaced by other 
conventional cores. The type of wire, the number of turns of wire and the diameter of the core 

15 (and consequently the diameter of the turns of wire) will vary from application to application, 

depending on various factors such as the characteristics of the primary and the load of the lamp 

18. The inductance of the secondary 14 is selected as a function of the operating frequency 

and the impedance of the load (i.e. the lamp) at the supplied power. More specifically, the 

inductance of the secondary 14 is determined by the following formula: 

20 Inductance of the Secondary = Impedance of the Load 

2 x Operating Frequency 

In the described 38 watt embodiment, the secondary 14 is configured to receive power from a 

primary operating at approximately 100 kilohertz. The secondary 14 includes 72 turns of wire 



and the primary includes 135 turns of wire. In the described 38 watt embodiment, the 
secondary 14 has a value of 196 microhenries at 100 kilohertz, having a reactance of 
approximately 123 ohms. The secondary 14 is preferably located within the base 50 of the 
inductively powered lamp assembly 10. The diameter of the secondary 14 is preferably 
5 selected to closely fit with the base 50. The secondary 14 is electrically connected to lamp 18 
by leads 51a-b. Although the secondary 14 is preferably circular, it may vary in shape from 
application to application. For example, the secondary may be square, oval, triangular, 
trapezoidal, hexagonal or even spherical. The secondary is preferably positioned internally or 
externally concentric to the primary, or the two coils may be placed end to end. 

10 The capacitor 16 is selected to provide optimum power factor correction given 

the mechanical constraints, thereby providing resonance in the lamp circuit 12. The power 
factor is preferably .90 or better, and more preferably .96 or better, but in some applications 
lower values may be acceptable. Without sufficient power factor correction, the reactive 
currents in the secondary will reflect back into the primary as a lower impedance load. This 

15 would cause a shift upward in operating power and current, as well as higher losses in the 
form of heat gain in the primary circuit. This effect is contrary to what one might initially 
expect but is in fact due to the inverse nature of reflected impedance within a series resonant 
primary circuit. Experience has revealed that reactive currents and losses in the primary 
increase very quickly at factors below .90. This can have a material adverse impact on 

20 efficiency, especially when it is considered that these losses are additive to the losses caused by 
coupling coefficient and dc resistances. In general, the capacitor 16 is selected to have a 
reactance that is approximately equal to or slightly less than the resistive impedance of the 
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lamp 18 and the reactive impedance of the secondary 14 when the lamp 18 is at its operating 
temperature. Like the inductance of the secondary 14, the reactance of the capacitor is 
selected as a function of the operating frequency and the impedance of the load (i.e. the lamp) 
at the supplied power. More specifically, the reactance of the capacitor is selected in 
accordance with the following formula: 

Reactance of the Capacitor = 1 

Impedance of the Load x 2 x Operating Frequency 

At this reactance, the capacitor 16, secondary 14 and lamp 18 will be operating close to 

resonance, providing a high power factor and consequently high efficiency. In the illustrated 

embodiment, the capacitor 16 has a value of approximately 12.9 nanofarads (nf). This value 

will change in response to variations in the primary (not shown), secondary 14 and/or lamp 18. 

The secondary and capacitor formulas presented above provide a rough 
approximation of the desired capacitor and secondary reactance values. To provide more 
refined values (and thereby fine-tune the power factor, current limiting effect, and overall 
operating parameters), an iterative testing procedure may be employed. This iterative testing 
may be required in some applications to provide the desire level of efficiency in the secondary 
circuit. The operating parameters of these designs include preheat, strike voltage, and 
operating current. All of these parameters can be configured through this tuning process along 
with changes in values of ratios, capacitance and inductance. 

Although the capacitor 16 is preferably tuned to the secondary 14 and lamp 18 

when the lamp 18 l is at operating temperature, the capacitor 16 can alternatively be tuned to 

provide optimum efficiency at other times. For example, in electric-discharge lamps where 

greater current is required to start the lamp, the present invention can be employed to boost the 
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circuit during start-up. In such applications, the capacitor is selected to have a reactance that is 
approximately equal to the combined impedance of the secondary and the lamp at start-up 
temperature (rather than at operating temperature). This will increase the efficiency of the 
lamp circuit during start-up, permitting the use of a ballast with a lower current maximum. 
5 Given the nature of plasma, electric-discharge lamps attempt to maintain voltage 

at a substantially constant inherent voltage. As a result, if the secondary 14 generates voltage 
in excess of the inherent voltage of the lamp, the lamp will attempt to consume the excess 
power. Because the resistance of in an electric-discharge lamp decreases in response to the 
flow of current, the lamp has the potential to drawing increasingly more current until the 

10 circuit limits or self-destructs. This concern is addressed by the capacitor 16, which functions 
to limit the current supplied to the lamp. The current limiting function is an inherent 
characteristic of a capacitor. It has been determined that the capacitor value required to place 
the secondary circuit at resonance is approximately equal to the capacitor value needed to 
provide appropriate current limiting. Accordingly, it has been determined that the current 

15 limiting function is achieved in the present invention by selecting a capacitor value appropriate 
to provide unity power factor. 

When the present invention is incorporated into an electric-discharge lamp 
assembly, the lamp circuit 12 preferably includes a conventional starter 35 (See Fig. 2), glow 
bulb or other equivalent mechanism. Starters and glow bulbs are well known and will 

20 therefore not be described in detail in this application. In one embodiment of an electric- 
discharge lamp assembly, the conventional starter is replaced by a remotely actuatable switch, 
such as electromagnetic switch 34 (See Fig. 3). The electromagnetic switch 34 is wired in 



series between the electrodes 36a-b, thereby selectively permitting the switch 34 to close the 
circuit between the electrodes 36a-b. When closed, the switch 34 permits current to flow 
directly through the electrodes 36a-b, rather than through requiring it to arc through the gas. 
As a result, when the switch 34 is closed, the electrodes 36a-b are rapidly heated. The 
5 electromagnetic switch 34 is preferably arranged substantially perpendicular to the field of the 
primary so that the electromagnetic switch 34 is not actuated by the electromagnetic field of the 
primary. Instead, a separate coil 38 is positioned adjacent to the electromagnetic switch 34 
where it can be charged to selectively close the switch 34. A microprocessor 40 preferably 
controls operation of the coil 38 and therefore the electromagnetic switch 34. The 

10 microprocessor 40 is programmed to charge the coil 38 for a fixed period of time each time 
that the lamp circuit is powered on. This closes the electromagnetic switch 34 shorting the 
electrodes 36a-b together. Alternatively, the microprocessor 40 can be replaced by a 
conventional one-shot timer circuit (not shown) that is configured to charge the coil for the 
desired period of time each time that the lamp is started. 

15 III. Alternative Embodiments 

The configuration of the inductively powered lamp assembly may vary 
materially from application to application depending largely on the type of lamp and the 
associated power requirements. The present invention can be readily modified to permit use 
with a wide variety of existing lighting systems. The following alternative embodiments 

20 describe a variety of alternative embodiments adapted for various uses. These alternative 
embodiments are intended to be illustrative of the wide adaptability of the present invention, 
and not intended to be exhaustive. 



An alternative embodiment showing the present invention incorporated into an 
incandescent lamp is shown in Fig. 4. In this embodiment, the inductively powered lamp 
assembly 110 includes a glass sleeve 152 and a plastic base 150. The glass sleeve 152 is 
generally bulb shaped and includes an inwardly turned and generally cylindrical stem 132. A 
5 secondary 114 is mounted within the glass sleeve 152 about stem 132. A filament 136 is 
mounted to the secondary 1 14 extending upwardly into the bulbous portion of the glass sleeve 
152 in a conventional manner. Unlike the embodiment described above, the base 150 in this 
embodiment is fitted to the outside of the glass sleeve 152. The base 150 is configured to be 
interfitted with a corresponding socket (not shown). The illustrated base 150 is generally 

10 circular and includes an annular recess 156 configured to snap fit into a corresponding socket 
(not shown). The base 150 also includes an upper flange 158 that provides a gripping edge for 
removing the inductively powered lamp assembly 110 from a socket (not shown). The base 
150 may, however, take on a variety of different configurations to permit the inductively 
powered lamp assembly 110 to mechanical connect to a variety of different sockets. For 

15 example, the base may be externally threaded. As illustrated, lamp assembly 110 also 
preferably includes a sensing magnet 160. The sensing magnet 160 may be fitted into a 
corresponding retaining wall 162 in the bottom of base 150. As described above, the sensing 
magnet 160 functions with a magnetically actuated switch, such as a reed switch, to advise the 
primary or control circuit of the presence of the inductively powered lamp assembly 110. This 

20 permits the primary to be powered only when a lamp assembly 1 10 is in place. As shown in 
Fig. 5, the incandescent lamp assembly 110' can be configured to operate with a conventional 
universal base. In this embodiment, the base 150' includes a pair of mounting pins 156a-b that 



are configured to interlock with matching slots in a conventional universal base lamp socket 
(not shown). 

An alternative embodiment showing the present invention incorporated into a 
halogen lamp is shown in Fig. 6. In this embodiment, the inductively powered lamp assembly 
5 210 generally includes a quartz sleeve 252 and a ceramic base 250. The materials of the sleeve 
252 and base 250 are selected to withstand the particularly high temperature at which halogen 
lamps operate. The quartz sleeve 252 is preferably fully sealed and does not include any 
penetrating elements, such as wires or other electrical connectors. A filament 236, secondary 
214 and capacitor 216 are enclosed within the quartz sleeve 252. In some applications, the 

10 capacitor 216 may not be necessary to provide an acceptable level of efficiency and may 

accordingly be eliminated. The inductively powered lamp assembly 210 further includes a heat 
reflector 258 disposed between the filament 236 and the secondary 214. The base 250 may 
include quarter turn threads 256a-b that is threaded interfitted within a corresponding socket 
(not shown). The base 250 can be provided with alternative structure to facilitate installation 

15 in the socket. A sensing magnet 260 is preferably mounted to the inside bottom surface of the 
base 250. 

In an alternative halogen lamp assembly 210', the quartz sleeve 252' is 
shortened to terminate just within the neck of the base 250' (See Fig. 7). The secondary 214' 
is moved outside of the quartz sleeve 252' and is positioned in the base 250'. In this 
20 embodiment, the secondary 214' is isolated from the heat of the filament 236'. This 
embodiment may also include a sensing magnet 260'. 
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In another alternative halogen lamp assembly 210", the base is eliminated and 
the sensing magnet 260"is moved into the interior of the sealed quartz sleeve 252". As shown 
in Fig. 8, the quartz sleeve 252" defines an annular recess 256" that extends entirely around 
the sleeve 252" to permit the inductively powered lamp assembly 210" to be snap-fitted into a 
5 corresponding socket (not shown). 

Another alternative embodiment is shown in Fig. 9. In this embodiment, the 
inductively powered lamp assembly 310 includes a base 350 that is disposed outside of the 
lamp sleeve 352 and the inductively powered lamp assembly 310 does not include an outer 
sleeve. The lamp sleeve 352 encloses the electrodes 336a-b and the desired electric-discharge 
10 gas, for example, mercury vapor. The secondary 314, capacitor 316, any desired starter 

mechanism (such as a conventional starter or the magnetically actuated switch described above) 
and all electrical connections are contained inside the base 350, but outside of the lamp sleeve 
352. The base 350 is configured to correspond with a conventional universal base, and 
includes a pair of mounting pins 356a-b that interlock with matching slots in the lamp socket 
15 (not shown). The base 350 may alternatively be configured to match with other socket 

configurations. A sensing magnet 360 is preferably mounted in the base 350. If desired, an 
outer sleeve (not shown) can be added to this lamp assembly 310 to enhance its protection from 
the environment. If included, the outer sleeve would preferably extend around the entire lamp 
assembly, except for the base 350. The base 350 would be mounted to the exterior of the outer 
20 sleeve where it can be interfitted with a lamp socket. 

An alternative embodiment showing the present invention incorporated into a 
type T5 or T8 fluorescent lamp is shown in Figs. 10 and 11. The inductively powered lamp 
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assembly 410 includes an elongated glass sleeve 452 and a pair of secondaries 414a-b-one 
located at each end of the sleeve 452. Given the different physical location of the two 
secondaries 414a-b, the power supply is preferably configured to include two separate 
primaries (not shown) that separately power the two secondaries 414a-b. The two primaries 
5 are disposed adjacent to the corresponding secondary 414a-b. It is typical to evenly distribute 
the power between the coils 414a-b, but is not strictly necessary. Preferably, the secondary 
coils 414a-b are set to opposite polarity with each primary and secondary combination being 
configured to sustain half of the voltage and current needed to power the lamp. The sleeve 452 
preferably includes an annular stem 432a-b formed at each opposite end to receive the 

10 secondaries 414a-b. An electrode 436a-b is electrically connected to each secondary 414a-b. 
A capacitor 416 is connected in series between the two secondaries 414a-b. The preferred 
method for calculating the value of the capacitors 416a-b in this embodiment is to initially 
analyze the circuit as though only a single coil was going to be used in accordance with the 
methodology described above (in connection with the first disclosed embodiment). The value 

15 of the single capacitor of this hypothetical configuration is then halved to provide the value for 
each of the two capacitors 416a-b of this embodiment. Optional end caps 420a-b, preferably of 
aluminum, are fitted over opposite ends of the sleeve 452. The inductively powered lamp 
assembly 410 may include a conventional starter 435 as shown in Fig. 11. In this 
embodiment, conductors 498a-b are required to extend between the two secondary coils 414a- 

20 b. The conductors 498a-b are preferably contained within the lamp sleeve 452. As an 

alternative, magnetic switches 434a-b, or other remotely actuated switches, are used in place of 
a conventional starter. As shown in Fig. 12, the inductively powered lamp assembly 410' 

20 



includes a separate switch 434a-b that is mounted in series between each secondary coil 414a- 
b' and it's corresponding filament or electrode 436a-b\ By closing the switches 434a-b, the 
power from each secondary coil 414a-b' is supplied directly to its corresponding filament. In 
this embodiment, only a single conductor 498' is required to extend between the secondary 
coils 414a-b\ The capacitor 416' is connected in series along the conductor 498'. 

An alternative circuit for a dual-coil lamp assembly 410" is shown in Fig. 13. 
In this circuit, no conductors are required to extend between the two secondary coils 414a-b". 
Instead, each secondary coil 414a-b" includes a dedicated switch 434a-b" and a dedicated 
capacitor 416a-b". The lamp controller is preferably configured to open and close the two 
switches 434a-b" in unison. The preferred method for calculating the value of the capacitors 
416a-b" is to initially analyze the circuit in accordance with the first disclosed embodiment as 
though only a single coil and single capacitor were going to be used. The value of the single 
capacitor of this hypothetical configuration is then halved to provide the value for each of the 
two capacitors 416a-b" of this embodiment. In some applications, the power may not be 
evenly distributed between the two secondaries. In such applications, the ratio between the 
values of the two capacitors should be equivalent to the ratio of the power between the two 
secondaries. 

Another alternative circuit for a dual-coil lamp 410"' is shown in Fig. 14. In 
this alternative, only a single secondary coil 414"' is provided. The secondary coil 414"' is 
connected to electrodes 436a-b"' located at opposite ends of the lamp. This circuit includes a 
pair of conductors 498a-b"' that extend between the coils. A conventional starter 435"' or 
other starter mechanism, such as magnetic switches, is included to start the lamp. In this 
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embodiment, the value of the capacitor 416"' is preferably selected in accordance with the 
method of the first disclosed embodiment. 

A Anther alternative embodiment showing the present invention adapted for use 
in a PL type fluorescent lamp is shown in Figs. 15 and 16. In this embodiment, the entire 
5 lamp circuit is enclosed within the lamp sleeve 552, and no outer sleeve is included. As 

illustrated, the inductively powered lamp assembly 510 includes a glass sleeve 552 having two 
interconnected legs 502a-b. This lamp assembly 510 may include any of the dual-coil lamp 
circuits described above. For purposes of disclosure, this embodiment is described in 
connection with a lamp assembly 510 having a separate secondary 514a-b mounted in the base 

10 of each leg 502a-b. The two secondaries 514a-b are preferably powered by a single primary 
(not shown) surrounding or adjacent to one end of the inductively powered lamp assembly 510. 
Each secondary 514a-b is connected in series with an electrode 536a-b, a capacitor 516a-b and 
a magnetically actuated starter switch 534a-b. The value of each capacitor 516a-b is selected 
as described above is connection with the embodiment of Fig. 13. This lamp assembly 510 

15 may also include a sensing magnet 560. 

An alternative lamp assembly 610 having an alternative sealing structure is 
shown in Figs. 17 and 18. As shown in the exploded view of Fig. 17, the inductively powered 
lamp assembly 610 generally includes a locking ring 602, an outer sleeve 670, a lamp 618 and 
a base 650. The locking ring 602, outer sleeve 670 and base 650 cooperate to seal the 

20 inductively powered lamp assembly 610. As perhaps best shown in Fig. 18, the base 650 
includes a cylindrical central portion 652 that is shaped to receive the secondary 614 and the 
lamp 618. More specifically, the lamp 618 is mounted to a printed circuit board assembly 
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("PCBA") 654, which will preferably also support any capacitor or starter mechanism 
incorporated into the inductively powered lamp assembly 610. The lamp/PCBA combination 
is mounted to the base 650, for example, by fasteners or a snap-fit. The base 650 also includes 
annular channel 656 that extends around the base 650 to receive the end of the outer sleeve 
5 670. An o-ring 604 is fitted around the central portion 652 within the annular channel 656. 
The base 650 may include an annular rib (not shown) to prevent the o-ring 604 from riding up 
the central portion 652. Once assembled, the o-ring 604 is disposed between the inner 
diameter of the outer sleeve 670 and the outer diameter of the central portion 652 of the base 
650. In this position, the o-ring 604 not only provides an effective seal against water, but it 

10 also functions as a vibration damper that cushions vibrations between the lamp and the outer 
sleeve 670. The outer sleeve 670 is a generally cylindrical tube having a closed end and an 
open end. A bead 672 or other flange extends around the open end of the outer sleeve 670. 
The outer sleeve 670 is secured to the base 650 by the locking ring 602. The locking ring 602 
is generally ring-shaped and is fitted over the outer sleeve 670 and the base 650. The locking 

15 ring 602 has a generally inverted L-shaped cross section with a radial leg 674 and an axial leg 
676. The radial leg 674 engages the bead 672 and the axial leg 676 engages the outer surface 
of the base 650. Alternatively, as shown in Fig. 19, the locking ring 602' and base 650' can 
be configured so that the axial leg 676' is fitted within the annular channel 656'. In either 
case, the axial leg 676 or 676' is secured to the base 650 or 650' to lock the outer sleeve 670 

20 in the annular channel 656 of the base 650. The locking ring 602 may be attached to the base 
650 using various attachment methods. For example, the locking ring 602 may be sonic or 
heat welded to the base 650. Alternatively, The inductively powered lamp assembly 610" may 



include a locking ring 602" having a lower flange 678 (See Fig. 20) that permits the locking 
ring 602' to be snap-fitted onto the base 650', or the locking ring and base can includes threads 
(not shown) to permit the locking ring to be threaded to the base. 

The above description is that of various embodiments of the invention. Various 
5 alterations and changes can be made without departing from the spirit and broader aspects of 
the invention as defined in the appended claims, which are to be interpreted in accordance with 
the principles of patent law including the doctrine of equivalents. Any reference to claim 
elements in the singular is not to be construed as limiting the element to the singular. 
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